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DESCRIPTION 

SINTERED BODY F OR THERMISTOR ELEMENT AND PROCESS FOR PRODUCING 
THE SAME, AND THERMISTOR ELEMENT AND TEMPERATURE SENSOR 



TECHNICAL FIELD 

The present invention relates to a sintered body for a 
thermistor element having excellent temperature detecting 
performance in a wide temperature range and a process for 
producing the same, and to a thermistor element and a 
temperature sensor. More specifically, the invention relates 
to a sintered body for a thermistor having an maximum detectable 
temperature of approximately 1, 000 °C and a minimum of 
preferably not higher than 300 °C and having a small dispersion 
of B-value among individuals and a process for producing the 
same, and to a thermistor element and a temperature sensor. 

BACKGROUND ART 

In applying electronic instruments to temperature 
compensation and temperature detection, thermistor elements 
have hitherto been widely used. In the case where a thermistor 
element is used for temperature detection, properties which 
the sintered body constituting the thermistor element is 
required to have are (1) a small B-value; (2) the change of 
resistance during the thermal history of the element is small; 
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and (3) the dispersion of resistance value and of B-value are 
small . The B-value as referred to herein is an index to express 
a change of resistance in a prescribed temperature range, and 
the smaller the value, the smaller the change of resistance 
with change in temperature. Then, a thermistor element formed 
of this sintered body having the foregoing properties has (1) 
a wide temperature detection range, (2) excellent heat 
resistance, and (3) excellent precision of temperature 
detection . 

As the sintered body for a thermistor element, there is 
disclosed a sintered body containing (Y, Sr) (Cr, Fe, Ti)0 3 as 
the major component and exhibiting stable resistance in the 
temperature region of from 300 to 1, 000 °C (for example, 
Japanese Patent No. 3,254,595). The temperature dependent 
resistance characteristics of the sintered body for thermistor 
element as disclosed in this Japanese Patent No. 3,254,595 are 
that the resistance value is about 100 kQ at 300 °C and about 
80 Q at 900 °C, and that the B-value at from 300 to 1,000 °C 
is about 8,000 K. However, since the sintered body contains 
Ti as the constituent element, the B-value tends to become large, 
and the resistance value at temperatures not higher than 200 
°C is large, on the order of MQ, so that it is indistinguishable 
from insulation resistance, and temperature detection cannot 
be achieved. 

Incidentally, by changing the proportion of elements 
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constituting the foregoing composition, for example, it is 
possible to adjust the resistance value at 100 °C to be not 
more than 500 kQ, the value at which it is distinguishable from 
insulation resistance, so that temperature in the vicinity of 

100 °C can be detected. However, since the Cr element as the 
constituent element is readily volatile, there was encountered 
a problem that the B-value varies among individual elements 

(thermistor sintered bodies) according to the amount of 
volatilization . 

Also, there are disclosed sintered bodies for thermistor 
elements containing [Y (Cr, Mn) 0 3 + Y 2 0 3 ] as the major components 

(see, for example, JP-A-11-251108 and JP-A-2002-124 4 03 ) . 
Since these sintered bodies contain Cr, a dispersion of the 
B-value among the individual sintered bodies is inevitable . 

In the light of the above, there is demand for a sintered 
body for thermistor element having excellent temperature 
detecting performance in the temperature range of not higher 
than 300 °C, preferably from approximately 100 to 1,000 °C, 
and having a small dispersion of a B-value among individual 
elements . 

DISCLOSURE OF THE INVENTION 

The invention is to solve the foregoing conventional 
problems and is aimed to provide a sintered body for thermistor 
element having a small dispersion of a B-value among 
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individuals and capable of detecting a temperature of from the 
vicinity of 300 °C to approximately 1,000 °C, and further a 
sintered body for thermistor elements in which by adjusting 
the contents of constituent elements at prescribed amounts, 
the minimum detection temperature is made to be approximately 
100 °C, the difference in the resistances at the beginning and 
the end of the thermal history is small, and its endurance is 
excellent, and a process for producing the same, and a 
thermistor element and further a temperature sensor. 

The invention is to attain the foregoing aim and achieved 
as follows. 

1. A sintered body for thermistor elements containing Sr, 
Y, Mn, A, Fe, and O, which is characterized in that not only 
crystal phases of a perovskite type oxide and a garnet type 
oxide are contained, but also a crystal phase of an Sr-Al based 
oxide or an Sr-Fe based oxide or both is contained. 

2. The sintered body for thermistor elements as set forth 
above in 1, wherein FeY0 3 and/or A1Y0 3 is selected as the 
foregoing perovskite type oxide, and at least one member 
selected from the group consisting of Y3AI5O12, Al2Fe 3 Y30 12 , and 
Al3Fe 2 Y30 12 is selected as the foregoing garnet type oxide, 
respectively by the powder X-ray diffraction analysis. 

3. The sintered body for thermistor element as set forth 
above in 1, wherein among sites on the foregoing perovskite 
type oxide and/or the foregoing garnet type oxide., there is 
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Sr solid solution in the Y site, Mn and/or Fe solid solution 
in the Al site, and Al and/or Mn solid solution in the Fe site. 

4. The sintered body for thermistor element as set forth 
above in 1, wherein when the mole number of Sr is defined as 
x, the mole number of Y is defined as (1 - x) , the mole number 
of Mn is defined as y, the mole number of Al is defined as z, 
and the mole number of Fe is defined as (1 - y - z) , x, y and 
z are within the ranges 0.090 <; x <; 0.178, 0.090 <; y <; 0.178, 
z 2> 0.275, and (1 - y - z) ;> 0.025. 

5. The sintered body for thermistor element as set forth 
above in 1, which further contains Si. 

6. The sintered body for thermistor elements as set forth 
above in 5, wherein FeY0 3 and/or A1Y0 3 is selected as the 
foregoing perovskite type oxide, and at least one member 
selected from the group consisting of Y 3 Al 5 Oi 2 , Al 2 Fe 3 Y30i2, and 
Al 3 Fe2Y 3 Oi2 is selected as the foregoing garnet type oxide, by 
powder X-ray diffraction analysis. 

7. The sintered body for thermistor element as set forth 
above in 5, wherein among the sites in the foregoing perovskite 
type oxide and/or the foregoing garnet type oxide, there is 
Sr solid solution in the Y site, Mn and/or Fe solid solution 
in the Al site, and Al and/or Mn solid solution in the Fe site. 

8. The sintered body for thermistor element as set forth 
above in 5, wherein when the mole number of Sr is defined as 
x, the mole number of Y is defined as (1 - x) , the mole number 
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of Mn is defined as y, the mole number of Al is defined as z, 
and the mole number of Fe is defined as (1 - y - z) , x, y and 
z have the relationship of 0.090 <s x <s 0.178, 0.090 <; y <; 0.178, 
z 2: 0.275, and (1 - y - z) ;> 0.025. 

9. A process for producing a sintered body for thermistor 
element, which is characterized by mixing various raw material 
powders containing Sr, Y, Mn, Al, and Fe, and calcining the 
mixture to form a calcined powder; subsequently molding a 
thermistor forming powder of a mixture of this calcined powder 
with a sintering assistant containing at least elemental Si; 
and then calcining the resulting molded compact to obtain a 
sintered body for thermistor elements containing not only 
crystal phases of a perovskite type oxide and a garnet type 
oxide but also a crystal phase an Sr-Al based oxide or an Sr-Fe 
based oxide or both. 

10. A process for producing a sintered body for thermistor 
elements, which is characterized by mixing respective raw 
material powders substantially free of elemental Si and 
containing elemental Sr, Y, Mn, Al, and Fe and calcining the 
mixture to form a calcined powder; subsequently molding a 
thermistor forming powder obtained by pulverizing this 
calcined powder; and then calcining the resulting molded 
compact to obtain a sintered body for thermistor elements 
containing not only crystal phases of a perovskite type oxide 
and a garnet type oxide but also a crystal phase of an Sr-Al 
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based oxide or an Sr-Fe based oxide or both, and substantially 
free of Si. 

11. A thermistor element, which is characterized by using 
a sintered body containing Sr, Y, Mn, Al, Fe, and 0 for the 
thermistor element, wherein not only crystal phases of a 
perovskite type oxide and a garnet type oxide are contained, 
but also a crystal phase of an Sr-Al based oxide or an Sr-Fe 
based oxide or both is contained. 

12. A temperature sensor, which is characterized by using 
a sintered body containing Sr, Y, Mn, Al, Fe, and 0 for the 
thermistor element, wherein not only crystal phases of a 
perovskite type oxide and a garnet type oxide are contained, 
but also a crystal phase of an Sr-Al based oxide or an Sr-Fe 
based oxide or both is contained. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The sintered body for thermistor element of the invention 
contains Sr, Y, Mn, Al, Fe, and 0, wherein not only crystal 
phases of a perovskite type oxide and a garnet type oxide are 
contained, but also a crystal phase of an Sr-Al based oxide 
or an Sr-Fe based oxide or both is contained. Namely, since 
the sintered body for thermistor element of the invention is 
of a construction containing neither a Ti element nor a readily 
volatile Cr element, not only is the B-value made small, but 
also in the case of mass production, the dispersion of the 
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B-value among individual sintered bodies for thermistor 
elements (and thus individual thermistor elements) can be made 
small. As a result, it is possible to form a sintered body 
for thermistor elements capable of achieving the temperature 
detection within the range from 300 °C or lower to approximately 
1,000 °C. Incidentally, though it is desirable that elemental 
Cr and Ti are not contained at all, inevitably there are cases 
where these elements are contained as impurities in the raw 
material to be used for the production or are incorporated at 
the time of production or the like, so there is some possibility 
that they are contained. For that reason, the case where 
neither Cr element nor Ti element is detected as a result of 
surface analysis of a sintered body for the thermistor element 
by EDS (for example, the case of measurement using a scanning 
electron microscope " JED-2110 Model", manufactured by JEOL LTD. 
at an acceleration voltage of 20 kV) is defined as "not 
containing" in this specification. Also, the sintered body 
for thermistor element of the invention can be formed 
containing elemental Si. However, the sintered body for 
thermistor element of the invention can be formed without 
elemental Si. Incidentally, with respect to this Si element, 
there is inevitably some possibility that elemental Si is 
contained e.g. as an impurity in the raw material used in the 
production. Accordingly, in the invention, the case where 
elemental Si is detected in the chemical analysis of the 
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sintered body for thermistor elements, but its content 
converted to the oxide of Si is less than 0.3% by weight is 
defined as "substantially free from Si" . 

The foregoing perovskite type oxide is an oxide having 
a site where Y and/or Sr is disposed and a site where at least 
one member selected from among Al, Mn and Fe is disposed; 
specific examples are FeY0 3 , A1Y0 3 , MnY0 3 , YFe0 3 , YA10 3 , and 
YMn0 3 . Also, in the foregoing perovskite type oxide, two or 
more elements having ion radius close to each other may form 
a solid solution. In that case, the perovskite type oxide can 
be for example Y ( Fe , A1)0 3 , Y ( Fe, Mn)0 3 , Y (Mn, A1)0 3 , Y ( Fe , Mn, 
A1)0 3 , (Y, Sr)Fe0 3 , (Y, Sr)A10 3 , (Y, Sr)Mn0 3 , (Y, Sr) (Fe, A1)0 3 , 
(Y, Sr) (Fe, Mn)0 3 , (Y, Sr) (Mn, A1)0 3 , and (Y, Sr) (Fe, Mn, A1)0 3 . 
In the sintered body for thermistor elements of the invention, 
the oxides as enumerated above may be contained in the crystal 
phase of the perovskite type oxide singly or in combinations 
of two or more kinds thereof. Incidentally, in the foregoing 

Y ( Fe, A1)0 3 , xx (Fe, Al)" means that either Fe or Al occupies 
one site and with the other there is formed a solid solution. 
This is the same hereinafter. 

Also, the foregoing garnet type oxide has a site where 

Y and/or Sr is disposed and a site where at least one member 
selected from among Al, Mn and Fe is disposed; specific examples 
thereof include Y 3 Fe 5 0i 2 , Y 3 Al 5 0i 2 , and Y 3 Mn 5 0i 2 . Also, in the 
foregoing garnet type oxide, two or more elements having ion 
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radius close to each other form a solid solution. In that case, 
the garnet type oxide can be for example (Al, Fe) 5 Y 3 0i 2 , Y 3 (Fe, 
Mn) 5 0 12 , Y 3 (Mn, A1) 5 0 12 , Y 3 ( Fe, Mn, Al) 5 0 12/ (Y, Sr) 3 Fe 5 0 12 , (Y, 
Sr) 3 Al 5 0 12 , (Y, Sr) 3 Mn 5 0 12 , ( Y, Sr) 3 (Fe, A1) 5 0 12 , (Y, Sr) 3 (Fe, 
Mn) 5 0 12 , (Y, Sr) 3 (Mn, A1) 5 0 12 , and (Y, Sr) 3 (Fe, Mn, AL) 5 0 12 , in 
which Al 2 Fe 3 Y 3 0i 2 and Al 3 Fe 2 Y 3 0 12 are included. In the sintered 
body for thermistor elements of the invention, the oxides 
enumerated above may be contained in the crystal phase of the 
garnet type oxide singly or in combinations of two or more kinds 
thereof . 

Incidentally, in the sintered body for thermistor 
elements, what crystal phases of the perovskite type oxide and 
the garnet type oxide are formed can be identified from powder 
X-ray diffraction analysis using a JCPDS card. That is, by 
collating the peak data, of a crystal of the compound with 
corresponding chemical formulas as listed in the JCPDS card, 
the presence of a compound can be confirmed. Accordingly, the 
crystal phases of the above FeY0 3 and A1Y0 3 perovskite type 
oxide and the crystal phases of the above Y 3 Al 5 0i 2 , Al 2 Fe 3 Y 3 0 12 , 
and- Al 3 Fe 2 Y 3 O i2 garnet type oxide can be also identified by the 
powder X-ray diffraction analysis. Also, two or more kinds 
of elements in solid solution in each site can be identified 
through the fact that the peaks of starting substances other 
than those of the targeted crystal structure are not present 
on the powder X-ray diffraction pattern or through the peak 
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shift of the powder X-ray diffraction pattern of the targeted 
crystal structure . 

The sintered body for thermistor elements of the 
invention contains a crystal phase of an Sr based oxide in 
addition to the crystal phases of the above oxides. Examples 
of this Sr based oxide include an Sr-Al based oxide and an Sr-Fe 
based oxide. These oxides may be contained singly or in 
combinations of two or more kinds thereof. Incidentally, the 
terms "Sr-Al based oxide" and "Sr-Fe based oxide" as referred 
to in this specification are general terms for all oxides 
containing an Sr element and an Al element and all oxides 
containing an Sr element and an Fe element, respectively and 
also include an Sr-Al-Fe based oxide and an Sr-Al-Fe-Mn based 
oxide. In this specification, when the sintered body for 
thermistor elements is subjected to surface analysis by EDS, 
if an average concentration of the Sr element and the Al element 
is detected to be higher than the average concentration of the 
other elements exclusive of these two elements, it is judged 
that the "crystal phase of an Sr-Al based oxide" is contained. 
This is the same with respect to the Sr-Fe based oxide. 

When the mole number of Sr is defined as x, the mole number 
of Y is defined as (1 - x), the mole number of Mn is defined 
as y, the mole number of Al is defined as z, and the mole number 
of Fe is defined as (1 - y - z), a preferred composition of 
the elements constituting the sintered body for thermistor 
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element of the invention is one in which x, y and z have are 
in the ranges 0.090 <; x <> 0.178, 0.090 <; y <; 0.178, z 2= 0.275, 
and (1 - y - z) 2= 0.025. When x is less than 0.090 and y is 
less than 0.090, the initial resistance at 100 °C of the crystal 
becomes so large that it is substantially in an insulated state. 
On the other hand, when x is more than 0.178 and y is more than 
0.178, the inside of the element becomes a structure having 
a lot of voids which lower the conductivity, and cause other 
characteristics to become unstable. Also, when z is less than 
0 . 275, the crystal particles of the element are grown too large, 
whereby the dispersion of the initial resistance tends to 
become large. When (1 - y - z) is less than 0.025, the change 
of resistance over the thermal history tends to become large. 

In other words, by making the amounts of the foregoing 
elements fall within the prescribed ranges, it is possible to 
control the resistance value of the sintered body at 300 °C 
at not more than 500 kQ and to control the resistance value 
at 900 °C to be 35 Q or more. By controlling the foregoing 
resistance values, it is possible to form a sintered body for 
thermistor element having good temperature detecting 
performance within the range of from approximately 300 °C as 
the lower limit to approximately 1,000 °C as the upper limit. 
Also, by making the amounts of the foregoing elements fall 
within the prescribed ranges, it is possible to form a sintered 
body for thermistor elements which whose characteristics are 
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stable over the thermal history and excellent in endurance. 

Incidentally, the respective contents as described 
above are effective even in the case where Si is included. 

In more preferred compositions of the foregoing elements, 
x, y and z are in the ranges 0.120 <; x =s 0.166, 0.120 2s y ^ 
0.166, 0.494 <> z <s 0.793, 0.080 <s (1 - y - 2) , and z/(l - y) 
^ 0.55. When the composition is within these ranges, the 
resistance value of the sintered body at 100 °C is kept at not 
more than 500 kQ and the resistance value at 900 °C is kept 
at 50 Q or more. By controlling the foregoing resistance 
values, it is possible to form a sintered body for thermistor 
elements having good temperature detecting performance within 
the range from approximately 100 °C as the lower limit to 
approximately 1,000 °C as the upper limit. Also, by making 
the amounts of the foregoing elements fall within the 
prescribed ranges, it is possible to form a sintered body for 
thermistor elements which whose characteristics are stable 
over the thermal history and excellent in endurance. 

The mean particle size of the crystal particles 
constituting the sintered body for thermistor elements of the 
invention is preferably not more than 7 \im r more preferably 
from 0.1 to 7 pun, and still more preferably from 0 . 1 to 3 (urn. 
When the mean particle size of the crystal particle is too large, 
a sintered body for a thermistor element which deviates from 
the desired material composition may be obtained, and the 
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characteristics tend to become unstable. 

According to the first production process of a sintered 
body for thermistor element of the invention, a raw material 
powder containing elemental Sr, Y, Mn, Al, and Fe are mixed; 
the mixture is calcined to form a calcined powder; and 
thereafter, a thermistor forming powder made of a mixture of 
this calcined powder and a sintering assistant containing at 
least elemental Si is molded. The thus obtained molded compact 
is calcined to obtain a sintered body for a thermistor element 
containing not only crystal phases of a perovskite type oxide 
and a garnet type oxide but also a crystal phase of an Sr-Al 
based oxide or an Sr-Fe based oxide or both- 
First of all, raw material powders as starting materials, 
namely, respective compounds containing respective elements 
of Y, Sr, Fe, Mn, and Al such as powders of oxides, hydroxides, 
carbonates, sulfates, or nitrates - preferably powders of 
oxides or carbonates - are mixed by a method such as wet mixing 
and dried, and then calcined to form a calcined powder. 
Thereafter, this calcined powder and a sintering assistant are 
mixed and pulverized to obtain a "thermistor forming powder". 
Incidentally, in the case of using sulfates or nitrates, there 
is employed a measure in which the raw materials are dissolved 
and mixed in water, the solution is heated and polymerized, 
and the dried product is calcined to form a calcined powder. 

Though the calcination condition is not particularly 
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limited, the calcination is carried out at a temperature of 
preferably from 1,100 to 1,500 °C, and more preferably from 
1,150 to 1, 450 °C for usually one hour or more, and preferably 
1.5 hours or more. Also, though the calcination atmosphere 
is not particularly limited, it is usually the air. 

The above sintering assistant may contain elemental Si, 
and examples thereof include Si0 2 , CaSi0 3 , and SrSi0 3 . Of these, 
Si0 2 is preferable. Also, these can be used singly or in 
combinations of two or more kinds thereof. The relative amount 
of this Si element-containing sintering assistant is usually 
from 0.3 to 10 parts by weight, preferably from 0.3 to 5 parts 
by weight, and more preferably from 0 . 3 to 3 parts by weight, 
where 100 is the weight of the whole calcined powder . By making 
the blended amount fall within the foregoing range, it becomes 
possible to achieve sintering at low temperatures and to form 
a sintered body for element having a high strength and excellent 
high- temperature stability . 

Also, though the mean particle size of each of the 
foregoing raw material pdwders and sintering assistant powder 
necessary for forming a sintered body for thermistor element 
is not particularly limited, it is usually from 0.5 to 2.0 \xm, 
and preferably from 0.5 to 1.5 jutm. When the particle size is 
too large, there is some possibility that the powders are not 
uniformly mixed, resulting in a cause that a dispersion of the 
thermistor element characteristics becomes large. 
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Also, the thermistor forming powder obtained by mixing 
the sintering assistant containing at least elemental Si with 
the calcined powder and pulverizing the mixture is also mixed 
with a binder and a solvent or water. The binder is not 
particularly limited, and examples thereof include polyvinyl 
alcohol and polyvinyl butyral. The relative amount of the 
foregoing binder is usually from 5 to 20% by weight, and 
preferably from 10 to 20% by weight based on the total amount 
of the foregoing powder components. Incidentally, the mean 
particle size of the foregoing thermistor forming powder 
during mixing with the foregoing binder is preferably not more 
than 2.0 jim. In this way, it is possible to achieve uniform 
mixing . 

Next, the mixture is dried and granulated to obtain a 
molding powder having good fluidity which is suitable for die 
press molding. Then, this molding powder is molded into a 
prescribed shape. Thereafter, by calcining this molded 
compact, it is possible to obtain a sintered body for thermistor 
elements containing not only crystal phases of a perovskite 
type oxide and a garnet type oxide but also a crystal phase 
of an Sr-Al based oxide or an Sr-Fe based oxide or both. Though 
the calcining condition is not particularly limited, the 
temperature is preferably from 1,400 to 1,700 °C, more 
preferably from 1, 400 to 1, 650 °C, and more preferably from 
1, 400 to 1, 600 °C. By making the calcining temperature fall 
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within the foregoing range, it is possible to suppress marked 
growth of crystal particles and to reduce the dispersion of 
the characteristics. The calcining time is usually from 1 to 
5 hours, and preferably from 1 to 2 hours. Also, though the 
calcining atmosphere is not particularly limited, it is 
usually the air. 

According to the second production process of a sintered 
body for thermistor element of the invention, respective raw 
material powders not substantially containing elemental Si and 
containing respective elements of Sr, Y, Mn, Al, and Fe are 
mixed and calcined to form a calcined powder; thereafter, a 
thermistor forming powder obtained by pulverizing this 
calcined powder is molded; and the resulting molded compact 
is then calcined to obtain a sintered body for thermistor 
element which contains not only respective crystal phases of 
a perovskite type oxide and a garnet type oxide but also a 
crystal phase of at least one of an Sr-Al based oxide and an 
Sr-Fe based oxide and which is substantially free of Si. 

The steps in obtaining the foregoing calcined powder are 
the same as in the description regarding the foregoing first 
production process of a sintered body for thermistor element. 
In the second production process, the foregoing calcined 
powder is pulverized to form a thermistor forming powder. 
(However, sintering assistant containing elemental Si is not 
mixed in this . ) 
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Thereafter, this thermistor forming powder is mixed with 
a binder and a solvent or water, and the resulting mixture is 
dried and granulated to obtain a molding powder, in the same 
manner as in the foregoing first production process of a 
sintered body for thermistor element. Next, this molding 
powder is molded and heat treated in the same manner as 
described above, to obtain a sintered body for thermistor 
elements. 

Incidentally, the mean particle size of the raw material 
powders and the like are also the same as in the foregoing first 
production process of a sintered body for thermistor elements. 

Also, in the case of making a thermistor element from 
the foregoing molding powder in the foregoing first and second 
production processes of a sintered body for thermistor 
elements, this molding powder is molded into a prescribed shape 
using a pair of electrodes (as the material constituting the 
electrodes, Pt and Pr/Rh alloys having excellent heat 
resistance and the like are preferable) . Thereafter, by 
calcining this integrated molded compact, it is possible to 
form a thermistor element. The calcining temperature and the 
like are the same as described above. By making the calcining 
temperature fall within the foregoing range, it is also 
possible to suppress the deterioration of the materials 
constituting the electrode. 

When the foregoing calcining is carried out by spreading 
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elements within a sheath and putting a lid thereon, it is 
possible to suppress evaporation of the specific components. 
Also, by spreading plates made of a material such as Pt and 
Pt/Rh alloys on the bottom of a sheath or using a sheath made 
of the same material quality as the sintered body, or the like, 
it is possible to prevent diffusion of the components into the 
sheath . 

The sintered body for thermistor elements of the 
invention or the foregoing thermistor element can be further 
subjected to heat treatment after the foregoing calcining, as 
the need arises. With respect to the condition thereof, for 
example, the temperature is from 800 to 1,100 °C, preferably 
from 850 to 1,100 °C, and more preferably from 900 to 1,100 °C; 
and the time is 30 hours or more, preferably 100 hours or more, 
and more preferably 200 hours or more. By carrying out the 
heat treatment at the specified temperature for the specified 
time, it is possible to further stabilize the temperature 
dependence of resistance of the sintered body for thermistor 
elements. Also, in the case of carrying out the heat treatment, 
the atmosphere may be the air or a special atmosphere other 
than the air. Further, the time from completion of the 
foregoing calcining treatment until the start of this heat 
treatment is not particularly limited, but it is preferable 
that the heat treatment is carried out after dropping of the 
temperature of the sintered body to room temperature. 
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One embodiment of the thermistor element obtained using 
the sintered body for thermistor elements of the invention is 
illustrated in Fig. 1. A thermistor element 2 is composed of 
a sintered body 1 for thermistor elements and a pair of 
electrodes 9, and one end of each of the electrodes 9 is embedded 
in the sintered body 1 serving as a thermistor element. The 
shape of the element is not particularly limited and may a disk, 
a rod, or a washer shape, in addition to a bead shape. 

A temperature sensor of the invention is one prepared 
by using the foregoing sintered body for thermistor elements. 
Also, it may be one prepared by using a thermistor element in 
which electrodes are disposed in the sintered bodieserving as 
a thermistor element. One embodiment of the temperature 
sensor is illustrated in Fig. 2. Fig. 2 is a partial cross 
section side view showing the structure of a temperature sensor 
for detecting the temperature of an exhaust gas, provided in 
an automotive exhaust gas passage. This temperature sensor 
is one in which the thermistor element 2 is housed in a 
closed-end cylindrical metal tube 3. In the metal tube 3, its 
far end 3a is closed, and its proximal end 3b is opened. A 
flange 4 is argon welded to the proximal end 3b of the metal 
tube 3. A nut 5 having a hexagon nut portion 5 and a screw 
portion 5b is rotatably fitted around the flange 4. A joint 
6 is argon welded to the proximal end 4a of the flange 4. A 
sheath 8 including a pair of sheath core wires 7 is disposed 
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within the metal tube 3, the flange 4, and the joint 6. In 
the metal tube 3, the thermistor element 2 is connected to the 
sheath core wires 7 protruding toward a tip end side 8a of the 
sheath 8 via Pt/Rh alloy wires 9. A nickel oxide pellet 10 
is disposed within the far end 3a of the metal tube 3. Also, 
cement 11 is filled in the space' surrounding the thermistor 
element 2. In the joint 6, a pair of lead wire 13 are connected 
to the sheath core wires 7 protruding from the proximal end 
8b of the sheath 8, via terminals 12. These lead wires 13 are 
inserted in an auxiliary ring 14 made of a heat resistant rubber. 
The sheath core wires 7 and the lead wires 13 are connected 
to each other by the caulking terminals 12. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic explanatory view to show one 
embodiment of a thermistor element. 

Fig. 2 is a schematic explanatory view to show one 
embodiment of a temperature sensor. 

Fig. 3 shows compositions of sintered bodies for 
thermistor element of Examples 1 to 33 through their locations 
in a three-component constitutional diagram. The mole number 
of Fe is shown through displacement from the center toward the 
lower left, the mole number of Al is shown through displacement 
from the center toward the lower right, and the mole number 
of Sr or Mn is shown through displacement from the center 
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upward . 

Fig. 4 is an explanatory view of an SEM image (reflected 
electron image) of the structure of a sintered body obtained 
in Example 4 . 

Fig. 5 is an explanatory view of an SEM image (reflected 
electron image) of the structure of a sintered body obtained 
in Example 18. 

Fig. 6 is an explanatory view of a powder X-ray 
diffraction pattern of a sintered body obtained in Example 4. 

Fig. 7 is an explanatory view of a powder X-ray 
diffraction pattern of a sintered body obtained in Example 18. 

Fig. 8 is an explanatory view of a powder X-ray 
diffraction pattern of a sintered body obtained in Example 33. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The invention will be specifically described below with 
reference to the following Examples and Comparative Examples, 
but it should be construed that the invention is not limited 
to these Examples in any way. 
[1] Production of thermistor element: 

Examples 1 to 31 

By using a Y2O3 powder (purity: 99.9 % or more, mean 
particle size: 1 . 1 (jun) , an SrC0 3 powder (purity : 99.0 % or more, 
mean particle size: 0.5 |xm) , an Fe 2 0 3 powder (purity: 99.2 % 
or more, mean particle size: 0.9 fxm) , an Mn0 2 powder (purity: 
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99.0 % or more, mean particle size : 1.2 fxm) / and an powder 
(purity: 99.5 % or more, mean particle size: 0.6 |xm) and 
defining the mole number of Sr as x, the mole number of Y as 
(1 - x) , the mole number of Mn as y, the mole number of Al as 
z, and the mole number of Fe as (1 - y - z) , respectively, the 
powders were weighed out so that x, y and z matched the values 
shown in Tables 1 to 3 and wet mixed. Thereafter, each of the 
mixtures was dried to form a powder, which was then calcined 
in the air at 1,400 °C for 2 hours. Next, 1 part by weight 
of a sintering assistant (Si0 2 powder having a mean particle 
size of 1.5 Jim) was further added to 100 parts by weight of 
this calcined powder, and the mixture was wet pulverized and 
dried, thereby obtaining a thermistor forming powder. 

Thereafter, 20 parts of a binder containing polyvinyl 
butyral as the major component was added to and mixed with 100 
parts by weight of this thermistor forming powder, and the 
mixture was dried and granulated, thereby obtaining a 
granulated powder . 

Next, this granulated powder was subjected to press 
molding (press pressure: 4,500 kg/cm 3 ) by the die molding 
method, thereby obtaining a molded compact having a hexagonal 
shape (thickness: 1.24 mm) having a pair of electrodes embedded 
in one side as illustrated in Fig. 1. The molded compact was 
calcined in the air at 1, 550 °C for one hour. 
Thus were produced thermistor elements of Examples 1 to 31. 
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Examples 32 and 33 

By using a Y 2 0 3 powder (purity: 99.9 % or more, mean 
particle size : Lip), an SrC0 3 powder (purity: 99.0% or more, 
mean particle size: 0.5 |nm) , an Fe 2 0 3 powder (purity: 99.2 % 
or more, mean particle size: 0.9 \xm) , an Mn0 2 powder (purity: 
99.0 % or more, mean particle size : 1.2 \xm) , and an AI2O3 powder 
(purity: 99.5 % or more, mean particle size: 0.6 ^m) and 
defining the mole number of Sr as x, the mole number of Y as 
(1 - x) , the mole number of Mn as y, the mole number of Al as 
z, and the mole number of Fe as (1 - y - z) , respectively, the 
powders were weighed out so that x, y and z matched the values 
shown in Table 3 and wet mixed. Thereafter, each of the 
mixtures was dried to form a powder, which was then calcined 
in the air at 1, 400 °C for 2 hours. Next, this calcined powder 
was wet pulverized and dried, thereby obtaining a thermistor 
forming powder. 

Thereafter, 20 parts of a binder containing polyvinyl 
butyral as the major component was added to and mixed -with 100 
parts by weight of this thermistor forming powder, and the 
mixture was dried and granulated, thereby obtaining a 
granulated powder. 

Next, this granulated powder was subjected to press 
molding (press pressure: 4,500 kg/cm 3 ) by the die molding 
method, thereby obtaining a molded compact having a hexagonal 
shape (thickness: 1.24 mm) having a pair of electrodes embedded 
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in one side as illustrated in Fig. 1. The molded compact was 
calcined in the air at 1, 550 °C for one hour. There were thus 
produced thermistor elements of Examples 32 and 33. 
Incidentally, in Examples 32 and 33, though an extremely small 
amount of elemental Si was unavoidably contained in the raw 
material powders, a sintering assistant made of an SiC>2 powder 
was not added, in contrast to the foregoing Examples 1 to 31. 
Accordingly, the resulting thermistor elements (sintered 
bodies for thermistor element) are substantially free from 
elemental Si. Incidentally, having judged that in this 
specification there is not a substantial amount of elemental 
Si , the case where when elemental Si is less 0.3 % by weight 
converted to its oxide was defined as "not a substantial 
amount" . 

Comparative Example 1 

A thermistor element was obtained in the same manner as 
in Example 1, except that by using a Y 2 0 3 powder (purity: 99.9 % 
or more, mean particle size: 1.1 \xm) , an SrC0 3 powder (purity: 
99.0 % or more, mean particle size: 0.5 \xm) , a Cr 2 0 3 powder 
(purity: 99.3 % or more, mean particle size: 0.5 \im) , an Fe 2 0 3 
powder (purity: 99.2 % or more, mean particle size: 0.9 |xm) , 
and a Ti0 2 powder (purity: 99.2 % or more, mean particle size: 
1.8 \xm) and defining the mole number of Sr as x, the mole number 
of Y as (1 - x), the mole number of Fe as y, the mole number 
of Ti as z, and the mole number ofCras (1-y-z), respectively, 
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the powders were weighed out so that x, y and z matched the 

values shown in Table 3. 

[2] Evaluation of thermistor element: 

2-1. Observation of structure: 

The structure of the thermistor sintered body 
constituting each of thermistor elements obtained in Examples 
1 to 33 was observed using a scanning electron microscope 
"JED-2110 Model", manufactured by JEOL LTD. at an acceleration 
voltage of 20 kV and a magnification of 2, 000 times . From this 
observation, the mean particle size of crystal was calculated. 
The results obtained are shown in Tables 1 to 3 . Also, examples 
of reflected electron images of the resulting structures 
regarding Examples 4 and 18 are shown in Figs. 4 and 5, 
respectively . 

2-2. Analysis of crystal phase: 

The thermistor sintered body constituting each of 
thermistor elements obtained in Examples 1 to 33 was subjected 
to powder X-ray diffraction analysis and EDS analysis, thereby 
determining the crystal phase present in each sintered body. 
The results obtained are shown together in Tables 1 to 3 . Also, 
examples of the X-ray diffraction patterns obtained from 
Examples 4, 18 and 33 are shown in Figs 6, 7 and 8, respectively. 
The identification of detected peaks was carried out using a 
JCPDS card. 
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2-3. Performance test (measurement of resistance value and 
measurement of B-value and dispersion of B-value) : 

Initial resistance values (kQ) of fifty thermistor 
elements obtained in Examples 1 to 33 and Comparative Example 
1 were measured at 100, 300, 600 and 900 °C, respectively. Then, 
B-values (K) were calculated according to the following 
expression (1) from the obtained resistance values . Numerical 
values shown in the tables are a characteristic of the element 
corresponding to the central value of the 50 samples, taken 
to be the representative value of that Example. 

B-value = In (R/R 0 ) / ( 1/T - 1/T 0 ) (D 

R: Resistance value (kQ) at the time of absolute 
temperature T (K) 

R 0 : Resistance value (kQ) at the time of absolute 
temperature T 0 (K) 

Incidentally, T is an absolute temperature higher than 

T 0 . 

Also, with respect to the dispersion of the B-value 
observed in the range from 100 to 900 °C, the degree of 
dispersion 3a of the 50 sample data from the mean of the B-values 
was calculated according to the following expression (2). 

[Dispersion of B-value (%)] = 3a/ (average value) 

(2) 

The results obtained are shown in Tables 4 to 6 . Also, 
a three-component constitutional diagram obtained by plotting 
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each of the samples in every composition is shown in Fig. 3. 
The two numerical values written near each plot are initial 
resistance values at 100°C and 900°C. Incidentally, plots of 
Examples 32 and 33 are not given in Fig. 3. 
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Also, in order to examine the endurance of the thermistor 
elements, each of the foregoing thermistor elements was 
subjected to heat treatment in the air at 1, 000 °C for 150 hours; 
the resistance values after heating were measured in the same 
manner as described above; and the B-values were calculated 
in the same manner as described above on a basis of the 
resistance values after heating at 100, 300, 600 and 900 °C, 
respectively. The results obtained are shown together in 
Tables 4 to 6. 

Further, the rate of change in resistance after the 
foregoing heat treatment was determined according to the 
following expression (3) . 

[Rate of change in resistance] = { (R T ' - R T ) /Rt1 x 100 

(3) 

R T : Resistance value (kQ) at the absolute temperature T 
before the heat treatment 

R T * : Resistance value (kQ) at the absolute temperature T 
after the heat treatment 

Also, the temperature-conversion value (°C) ' of the 
foregoing rate of change in resistance was determined 
according to the following expression (4). 

[Temperature-conversion value] = [ (B x T) / { In (R T ' /R T ) x 
T + B} ] - T (4 ) 

B: B-Value at the beginning at the absolute temperature T 
The results obtained are shown in Table 7. 
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Rate of change in resistance (%) 


Temperature-conversion value (°C) 
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[3] Advantage of the Examples: 

It is noted from Tables 1 to 3 that each of Examples 1 
to 31 containing Sr, Y, Mn, Al, Fe, Si, and 0 and Examples 32 
and 33 containing Sr, Y, Mn, Al, Fe, and 0 but substantially 
free from Si contains not only a perovskite type oxide (FeY0 3 
or A1Y0 3 ) and a garnet type oxide (Y3AI5O12 or Al2Fe 3 Y 3 0i2) but 
also at least one of an Sr-Al based oxide and an Sr-Fe based 
oxide. Also, it is noted that in Examples 1 to 33, Sr-Y-0 or 
Sr-Si-Y-0 or the like can exist. 

From the powder X-ray diffraction pattern of the 
thermistor element (sintered body for thermistor element) of 
Example 4 (see Fig. 6), it can be confirmed that FeY0 3 of a 
perovskite type structure (JCPDS card No. 39-1489), Al 2 Fe 3 Y 3 0i 2 
of a garnet type structure (JCPDS card No . 44-0227) and an Sr-Fe 
based oxide are present. Here, though the formation of an 
Sr-Al based oxide in the thermistor element of Example 4 cannot 
be detected by the powder X-ray diffraction because it is a 
trace amount, its presence can be confirmed by performing the 
surface analysis by EDS. Incidentally, in this specification, 
when the sintered body for thermistor element is subjected to 
surface analysis by EDS, if the detected average concentration 
of the Sr element and the Al element is higher than the average 
concentration of the other elements, it is considered that the 
"crystal phase of an Sr-Al based oxide" is contained. Also, 
it is noted from the reflected electron image of Example 4 as 
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shown in Fig. 4 that the crystal particles of the thermistor 
sintered body constituting this thermistor element are 
block-shaped and large, the average particle size being 
approximately 7 (mm. From the powder X-ray diffraction 

pattern of the thermistor element (sintered body for 
thermistor element) of Example 18 (see Fig. 7), it can be 
confirmed that A1Y0 3 of a perovskite type structure ( JCPDS card 
No. 33-0041), Y3AI5O12 of a garnet type structure (JCPDS card 
No. 09-0310), Sr-Al based oxides (SrAl 2 0 4 : JCPDS card No. 
34-0379, Sr 5 Al 2 0 8 : JCPDS card No. 10-0065), and an Si oxide 
(Sr 2 Si0 4 : JCPDS card No. 39-1256) are present. Incidentally, 
it is noted from the reflected electron image of Example. 18 
as shown in Fig. 5 that the crystal particles of the thermistor 
sintered body constituting this thermistor element are small 
and arranged compactly. 

Further, from the powder X-ray diffraction pattern of 
the thermistor element (sintered body for thermistor element) 
of Example 33 (see Fig. 8) , it can be confirmed that A1Y0 3 of 
a perovskite type structure, Y3AI5O12 of a garnet type structure, 
an Sr-Al based oxide (SrAl 2 0 4 ) , and A1 2 Y 4 0 9 (JCPDS card No, 
34-0368 or 14-0475) are present. 

Also, it is noted from Tables 4 to 6 that since Examples 
1 to 33 are thermistor elements not containing elemental Ti, 
with respect to the initial characteristics, the B-value is 
extremely small compared with that in Comparative Example 1 
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and that since Examples 1 to 33 do not contain a readily volatile 
Cr element, the dispersion of the B-value is not more than 2.0%, 
small compared with that in Comparative Example 1. Thus, it 
is noted that the thermistor elements of Examples 1 to 33, each 
of which does not contain elemental Ti or Cr and contains not 
only crystal phases of a perovskite type oxide and a garnet 
type oxide but also a crystal phase of an Sr-Al based oxide 
or an Sr-Fe based oxide or both, have small dispersion of the 
B-value and small dispersion of other characteristics compared 
with those of Comparative Example 1, and therefore have 
excellent characteristics. Even in the cases where Si is not 
contained as in Examples 32 and 33, there is excellent 
performance . 

From Table 7, since in Examples 1 and 2, z is less than 
0.275; in Examples 8 to 10, 26, 28, 29 and 30, x and y fall 
outside the foregoing preferred ranges; and in Example 31, (1 
- y - z) is less than 0 . 025, both the rate of change in resistance 
and the temperature-conversion value become slightly larger, 
thus showing slight instability over the thermal history. 

On the other hand, it is noted that in Examples 3 to 7, 
11 to 25, 27, 32 and 33 which are obtained by changing the 
composition ratios within the ranges of 0.090 ^x^0.178, 0.090 
<; y <s 0.178, z ;> 0.275, and (1 - y - z) 2> 0.025, all of the 
temperature-conversion values at 100, 300, 600 and 900 °C fall 
within 10 °C, thus showing stability over the thermal history 
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and high endurance. In particular, in Examples 13 to 15 and 
17 to 25 having the relationship of 0.126 =s x <s 0.166, 0.126 
<s y <; 0.166, z ;> 0.494, and (1 - y - z) > 0.080 and having a 
high Al/ (Al + Fe ) ratio, it is noted that the resistance value 
at 100 °C is not more than 500 kQ at 100 °C, and the resistance 
value at 900 °C is 50 Q or more, not excessively small; and 
that all of the temperature-conversion values fall within 8 
°C so that not only is there excellent temperature detecting 
performance over a wide temperature range, but also very good 
stability of characteristics over the thermal history. Thus, 
it is found that by setting the proportion of specific 
constituent elements with a prescribed range, it is possible 
to provide a thermistor element having excellent temperature 
detecting performance . 

Incidentally, as a example for reference, for the purpose 
of providing a sintered body for thermistor element having 
excellent temperature detecting performance in the 
approximate temperature range from room temperature to 
approximately 1, 000 °C, or at the very least from 100 to 1,000 
°C, and a small difference between resistance values at the 
beginning and end of the thermal history, this purpose is 
fulfilled by a sintered body for thermistor element containing 
Sr, Y, Mn, Al, Fe, and O and not containing Cr, wherein when 
the mole number of Sr is defined as x, the mole number of Y 
is defined as (1 - x) , the mole number of Mn is defined as y, 
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the mole number of Al is defined as z, and the mole number of 
Fe is defined as (1 - y - z) , x, y and z are in the ranges 0.090 
<; x <; 0.178, 0.090 <; y ^ 0.178, z ;> 0.275, and (1 - y - z) ;> 
0.025. An example of a compound containing Sr, Y, Mn, Al, Fe, 
and O which constitutes this sintered body for thermistor 
element is Yi_ x Sr x Fei- y _ z Mn y Al z 03 . Its crystal structure is 
preferably a perovskite type (ABO3) ; for example, a composition 
represented by (Yi_ x Sr x ) ( Fei- y _ z Mn y Al z ) 0 3 wherein the A site is 
(Yi- x Sr x ) , and the B site is ( Fei- y - z Mn y Al z ) . 

In the foregoing composition, since Y and Sr occupying 
the A site, and Fe, Mn and Al occupying the B site have an ionic 
radiuses close to each other, it is possible to easily adjust 
the resistance value and B-value of the element by freely 
changing the composition ratio. 

Also, since an oxide of Mn occupying the B site has high 
conductivity, whereas an oxide of Al occupying the B site has 
high insulation, it is possible to form a thermistor element 
having the desired bulk conductivity by changing the 
composition ratio of Mn and Al . Further, since an oxide of 
Fe has semi-conductive properties, when Fe is contained, it 
is possible to impart a further change in bulk conductive 
characteristics . 

This sintered body for thermistor element can further 
contain a component derived from the sintering assistant. As 
the component derived from the sintering assistant, the above 
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sintering assistants can be applied as they are. 

Here, the respective mole numbers of x, y and z as 
described above are preferably in the ranges 0 . 095 x ^ 0 . 175, 
0.095 <; y <; 0.175, z s> 0.291, and (1 - y - z) 2: 0.040; and 0.126 
<s x <s 0.166, 0.126 £ y =s 0.166, z ;> 0.494, and (1 - y - z) ;> 
0.080 are especially preferable. 

Also, the foregoing object is achieved by a sintered body 
for thermistor element obtained by mixing respective raw 
material powders containing respective elements of Sr, Y, Mn, 
Al, and Fe, molding a thermistor forming powder consisting of 
a calcined powder having a sintering assistant added thereto, 
and then calcining the resulting molded compact, wherein when 
the mole number of Sr is defined as x, the mole number of Y 
is defined as (1 - x) , the mole number of Mn is defined as y, 
the mole number of Al is defined as z, and the mole number of 
Fe is deifined as (1 - y - z) , x, y and z have the relationship 
of 0.090 <; x <; 0.178, 0.090 <s y <s 0.178, z ;> 0.275, and (1 - 
y - z) s> 0 . 025 . 

Here, to manufacture this sintered body, the foregoing 
first production process can be applied as is. Also, the mole 
numbers of x, y and z as defined above can have the same the 
preferred numerical ranges. 

As specific examples of the foregoing description, those 
in the foregoing Examples 1 to 31 and Comparative Example 1 
can be applied. That is, sintered bodies for thermistor 
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elements of the compounds having the respective mole numbers 
of x, y, z, and (1 - y -z) in Tables 1 to 3 can be evaluated 
for their resistance values at the temperatures 100, 300, 600 
and 900 °C, and the B-values in the respective ranges of from 
100 to 300 °C, from 300 to 600 °C and from 600 to 900 °C can 
be obtained from these resistance values. Also, for the rate 
of change in resistance and the temperature-conversion value, 
Table 7 can be applied. 

According to such sintered bodies for thermistor element, 
by setting the composition of a compound to contain prescribed 
constituent elements (Sr, Y, Mn, Al, Fe, and O) within the 
prescribed range, it is possible to obtain a sintered body 
having a small change of resistance over the thermal history. 
Also, by setting up the foregoing composition within a further 
limited range, it is possible to obtain a sintered body for 
thermistor elements which can be used at lower temperatures 
(lower than 300 °C but the vicinity of 100 °C) than the 
conventional technologies and which has a small change of 
resistance over the thermal history of the element. Also, in 
the sintered body for thermistor element produced in the 
foregoing manner, since a readily volatile component such as 
a Cr element is not present at the time of production, it is 
possible to form a sintered body for element having small 
dispersion of characteristics. 
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[Advantage of the Invention] 

According to the sintered body for thermistor element 
of the invention, by containing not only crystal phases of a 
perovskite type oxide and a garnet type oxide but also a crystal 
phase of at least one of an Sr-Al based oxide and an Sr-Fe based 
oxide in a sintered body containing prescribed elements (Sr, 
Y, Mn, Al, Fe, and O) , the sintered body for thermistor element 
can have a small dispersion of a B-value among individuals and 
detect a temperature of from the vicinity of 300 °C to 
approximately 1, 000 °C. This is also the same in the case where 
Si is also contained as a component of the sintered body. 

Further, by setting the contents of the constituent 
elements within more limited ranges, it is possible to form 
a sintered body for thermistor element having a resistance 
value at 300°C of not more than 500 kQ> and preferably a 
resistance value at 100°C of not more than 500 kQ and having 
a resistance value at 900°C of 35 £2 or more, and preferably 
50 Q or more. As a result, it is possible to form a sintered 
body for thermistor elements having maximum detectable 
temperature of approximately 1,000 °C, capable of achieving 
the temperature detection at a temperature (lower than 300 °C, 
in the vicinity of 100 °C) lower than that of the conventional 
technologies (300 °C or higher) and having a small change of 
resistance over the thermal history. 

According to the process for producing a sintered body 
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for thermistor element of the invention, it is possible to 
produce a sintered body for thermistor elements containing not 
only crystal phases of a perovskite type oxide and a garnet 
type oxide but also a crystal phase of an Sr-Al based oxide 
or an Sr-Fe based oxide or both with good efficiency. 

The thermistor element and further the temperature 
sensor which are obtained by using the sintered body for 
thermistor elements of the invention are useful because they 
have excellent temperature detecting performance over a wide 
temperature range . 
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